We tested four normosmics and four anosmics in detection thresholds for six terpenes commonly found indoors: cumene, p-cymene, delta-3-carene, linalool, 1-8 cineole, and geraniol. Normosmics provided odor thresholds and anosmics provided nasal pungency thresholds. All subjects provided nasal localization (i.e., right/left nostril) and eye irritation thresholds. Each type of threshold was measured eight times per subject-stimulus combination. Stimuli were presented from squeeze bottles in a two-alternative forced-choice procedure via an ascending method of limits. Odor thresholds ranged between 0.1 and 1.0 ppm. Nasal pungency thresholds lay about three orders of magnitude above odor thresholds. Nasal localization and eye irritation thresholds did not differ between normosmics and anosmics, and fell close to nasal pungency thresholds. Olfactory thresholds could be obtained for all stimuli in all repetitions using the criterion of five correct choices in a row. Trigeminal thresholds (i.e., pungency, localization, and eye irritation) could be obtained on all repetitions only for some terpenes using that same criterion. Carene and cineol produced nasal pungency and eye irritation on all repetitions. None of the terpenes could be localized on all repetitions, but cineol was localized a higher percentage of instances than were the other stimuli. At the other extreme, geraniol failed to evoke any of the three trigeminal responses in most instances. Overall, the results indicate that the three trigeminal thresholds produce a uniform view of the potency of these terpenes, with nasal pungency and eye irritation being slightly more sensitive than nasal localization. Furthermore, application of a previously-derived linear solvation energy relationship to the results reinforced the view that physicochemical properties can predict the chemesthetic impact of volatile organic compounds.
Previous studies have measured odor, nasal pungency, and eye irritation thresholds for a number of homologous series of chemicals (see review 1 ). Odor thresholds probed into the olfactory potency of substances whereas three threshold endpoints probed their trigeminal chemosensory potency: 1) nasal pungency, measured in anosmics (for whom odor sensations do not interfere), 2) eye irritation, and 3) nasal localization or lateralization whereby participants sought to detect, upon dirhinic presentation, which nostril received the stimulus and which blank air. 2 Eye irritation and nasal localization thresholds were measured in normosmics and anosmics.
Homologous series have provided a convenient physicochemical "unit" (i.e., carbon chainlength) against which to compare sensory responses in order to map different aspects of the molecular basis for olfactory and trigeminal stimulation by chemicals [3] [4] [5] . In the present study we measured olfactory and trigeminal sensitivity to six terpene-related compounds: delta-3-carene (C 10 H 16 ), cumene (C 9 H 12 ), p-cymene (C 10 H 14 ), linalool (C 10 H 18 O), 1,8-cineole (C 10 H 18 O), and geraniol (C 10 H 18 O). These compounds provided a broader chemical variety than that of homologues and permitted expansion of the range of structure-activity relationships. They were also selected based on their importance as odorants and on their frequent presence indoors where they could lead to unwanted sensory reactions. Mineral oil served as solvent for all substances.
Starting from the undiluted chemical (100%v/v), threefold dilution steps (i.e., 33, 11, 3.7, etc. %v/v), made in duplicate, were prepared for each stimulus. Stimuli were presented from "squeeze bottles". Quantification of the vapor-phase concentration was achieved via direct gas chromatography (FID detector) of the headspace, and using the saturated vapor concentration at room temperature (≈23°C) of each compound as a reference.
Four anosmics (two males, two females, age range: 23 to 53 years) and four normosmics (two males, two females, age range: 37 to 58 years) participated. Anosmics provided nasal pungency thresholds and normosmics provided odor thresholds. All subjects provided nasal localization and eye irritation thresholds. Each type of threshold was measured eight times (half with each nostril or eye) per subject-stimulus combination. Typically, each subject participated in a total of 10 to 14 sessions held on different days. Each session lasted between 1 and 3 hours.
Stimuli were presented via a two-alternative forced-choice procedure (against the blank: mineral oil) with ascending concentrations over trials. Five correct choices in a row constituted the criterion for threshold. Figure 1 shows that odor thresholds ranged from 0.1 ppm for geraniol to 1.7 ppm for 3-carene whereas nasal pungency thresholds lay about three orders of magnitude above odor thresholds, ranging from 235 ppm for cineole to 1,636 ppm for 3-carene. Only 3-carene and cineole produced a nasal pungency threshold in virtually all repetitions across anosmics, whereas geraniol failed to produce a pungency threshold in 88% of instances across anosmics. Between these extremes, cumene, linalool, and p-cymene failed to produce a pungency threshold in 22, 31, and 56 % of instances, respectively.
None of the terpenes could be localized on all repetitions but, again, cineole produced the lowest percentage of unresponsiveness (3% in normosmics, 28% in anosmics), and geraniol and pcymene produced the highest (100% in both groups). In increasing degree of unresponsiveness, the order for the rest was cumene (19% in normosmics, 59% in anosmics), 3-carene (59% in normosmics, 56% in anosmics), and linalool (81% in normosmics, 100% in anosmics). When obtained, nasal localization thresholds were similar in both groups and close to, or slightly above, nasal pungency thresholds. Figure 2 shows that eye irritation thresholds did not differ significantly between normosmics and anosmics, and fell well into register with nasal pungency thresholds. Similarly to nasal pungency, only 3-carene and cineole produced an eye irritation threshold in virtually all repetitions for all anosmics. Again, geraniol was the least efficient trigeminal stimulus, failing to produce an eye irritation threshold in about 80% of instances for both groups. In increasing percentage of failure to produce an eye irritation threshold, the order for the rest was cumene, linalool, and p-cymene, which failed in 16, 38, and 62 % of instances, respectively, across normosmics and anosmics. Note that this is the exact same order, and similar percentage of failure, as that obtained for nasal pungency.
In conclusion, nasal pungency, eye irritation, and nasal localization thresholds gave a similar picture of trigeminal stimulatory efficiency across the terpenes, though nasal localization seemed slightly less sensitive than the other two sensory endpoints. As observed before for homologous alcohols, 2 normosmics and anosmics did not differ greatly in their trigeminal chemosensitivity for the terpenes, as measured by eye irritation and nasal localization thresholds.
A previously developed equation 6 predicted the nasal pungency thresholds for the terpenes reasonably well, except for linalool. Threshold (log ppm) 3 -C a r e n e Cumene p -C y m e n e L i n a l o o l C i n e o l e G e r a n i o l Threshold (log ppm)
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